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THE APPLICATION OF RANDOM SAMPLING 
NOS FISCAEs STUDIES 


A DISCUSSION OF THE PROBLEMS INVOLVED IN DETERMINING HIGHWAY EXPENDITURES 
BY THE SEVERAL UNITS OF GOVERNMENT 


BY THE DIVISION OF CONTROL, PUBLIC ROADS ADMINISTRATION 


Reported by THOMAS M. C. MARTIN, Assistant Highway Engineer-Economist 


DEQUATE INFORMATION about highway 
finance in all units of governmentis a prerequisite to 
the orderly development of a comprehensive, forward- 
looking highway program. The amounts of money 
raised “locally by the lesser governmental units, the 
amounts received by them as orants- in-aid from higher 
units of government, as well as the use made of these 
funds, are all essential planning data. These facts 
must be known if highway needs and revenues are to be 
intelligently propor rtioned to the other needs and 
corresponding revenue sources of the State. 

The difficulty of obtain- 
ing adequate data on high- 
way finances appears to 
vary inversely with the size 
of the governmental unit. 
Ordinarily little trouble is 
encountered in ascertaining 
information relative to State 
revenues and expenditures, 
and with some exceptions 
the fiscal operations of the 
counties in the United States 
are readily obtainable. 
These, however, are by no 
means all of the units of government that engage in 
highway activities. There are a large number of local 
units, both rural and urban, data for which are essen- 
tial to a complete picture of highway operations. 
Moreover, in many States the gross amounts involved 
in financing these local roads and streets are as lar ve as 
the amounts handled by the State highway depart- 
ments. Frequently, accurate information regarding 
the receipts and expenditures of these smaller units of 
government is not readily available, and special studies 
are necessary to obtain proper information. 


highway development. 


financial statistics. 


LOCAL ROAD FINANCE DATA VALUABLE 


Knowledge of local road finances has been of par- 
ticular value during the past decade in connection with 
a noticeable trend toward the assumption of greater 
responsibility for county and local roads by certain 
States. The taking over of the North Carolina county 
road system by the State on July 1, 1931, was preceded 
by a thorough study of the financial status of the 
county roads.! 

Similarly, when the 5-year program of county and 
township road consolidation was initiated in Michigan 
in 1931, a comprehensive study was made of all Michi- 
gan roads.” 


1 North Carolina County Road and Finance Survey, PUBLIC ROADS, vol. 11, 
No. 12, February 1931. (Report of a cooperative investigation by the North Carolina 
State Highway Commission, the North Carolina State Tax Commission, and the 
United States Bureau of Public Roads.) 

? A Survey of Highway Transportation in Michigan, PUBLIC ROADS, vol. 13, 
No. 12, February 1933. 

The Michigan Financial Survey, PUBLIC ROADS, vol. 14, No. 4, June 1933. 
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Data on highway income and expenditures by all 
units of government are needed in planning future 
The multiplicity of local units 
—municipalities, townships, counties, school districts, 
etc.—makes collecting complete information from each 
a sizeable and expensive undertaking. 


An investigation was made of the feasibility of ap- 
plying sampling methods to the collection of local 


The procedures followed, for- 
mulas used, and results obtained, are reported herein. 
A graphical means is given of appraising various sam- 
ple sizes in terms of their probable reliability. 





Accurate information upon which to base an estimate 
of the probable costs of such programs of consolidation 
is seldom available when legislative deliberations are 
in progress. Consequently, when the question sud- 
denly arises, it can be determined only approximately 
whether or not the resources of the State, usually 
limited to highway-user revenues, will be adequate for 
the increased burden. The question of whether a 
State is financially able to assume the proposed addi- 
tional responsibilities without seeking new sources of 
money is a very important matter. It usually happens 
that the governmental units 
previously responsible fi- 
nanced their work with a 
combination of State sub- 
ventions and receipts from 
local property taxation. 

It is likewise essential to 
know the mileage of roads 
owned by local units and 
the standards to which they 
were built and are main- 
tained. These facts are nec- 
essary to gage properly the 
annual financial require- 
ments arising from the added responsibilities. The need 
for such information becomes evident in still other ways 
particularly when proposals are made to allocate large 
sums of highway-user or other State revenues to loc ‘al 
units of government for highway or nonhighway pur- 
poses either as single lump-sum payments or as con- 
tinuing annual subventions. The wisdom of enacting 
such proposals into law can receive a more thorough 
consideration and fuller debate when complete and 
accurate data concerning the needs and resources of all 
units are readily available. Dissipation of State funds 
into channels where the public does not receive a 
proportionate return on the funds it has contributed can 
best be prevented by making all of the facts available. 

The several States and the Public Roads Adminis- 
tration have been engaged in studies of this problem 
for more than 20 years. Detailed reports of State 
highway mileage, receipts, and expenditures, have been 
prepared annually since 1921. The gathering of cor- 
responding information for the local units of govern- 
ment was commenced as early as 1912, made more 
complete in 1917, and has been done annually since 
1921. The relative incompleteness of the local statis- 
tics has long been recognized, and constant attempts 
have been made to improve the reporting system. 

The difficulty in obtaining accurate data from units 
of government other than the State arises in a consider- 
able measure from the large number of governmental 
units involved and the ine omplete records kept by many 
of these spending agencies even for their own purposes, 
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Table 1 shows the number of units in each of the States 
in 1939, as prepared by the Illinois Tax Commission. 
In the collection of State highway data the Public 
Roads Administration needs to concern itself only with 
the 48 States and the District of Columbia, but local 
rural road data must be obtained from approximately 
20,000 units. Most of the counties and, in the States 
in which they exist, the towns and townships, carry 
on highway activities. In addition to these units, 
the sixth column of table 1 lists many road districts 
which at least until very recently carried on road func- 
tions similar to those of the townships. 


TaBLeE 1.—Tazing units in the United States, 1939 
































Towns | a 
Incor- 2 School 
State coe porated eae dis- ee Total ! 
places ships tricts 

: ee = | a 
Alabama case meen ee 67 296 | iPS : 476 
ATIZONAL toe seen : 14 33 : 416 22 486 
ANS IVEESHORSE IRE =e : 75 389 3, 062 834 4, 361 
California _____ : z 57 282 2, 957 265 | 3, 562 
Colorsdo0c eee ee 62 20% | A e2 O68" We 2, 351 
Connecticut ___- a 8 40 173 26 114 362 
Delaware____- See sae ee 3 52 | ee 15 ass 71 
Hloridas <a aeeeee ree See a, 67 PAO) oe 803" eee BIOOR() 
GCOT ein > Sa ees see So 159 59S" || See eae ae ee 753 
iWelsWeyoj es eee 44 WSOP 826 oat 1,021 
ino sees 102 1,134 | 21,625 | 12; 115 123 15, 100 
indiana es 92 544 1,017 5 168 | ae 

| 
LOW Sos ae eee ein 99 917 1, 602 4, 873 7, 492 
Kansas - ct! ee Dae: poe 105 580 1, 550 8, 772 65 11,073 
Kentucky -_~-___ P 120 369 Z 263 14 767 
Louisiana_______ : 64 210 66 161 502 
Maines aaa 16 20 494 O12 es s 1, 043 
Maryland_____ z con 23 IBY 24 20 205 
Massachusetts ee 13 39 olen aa 63 428 
Michigan ___ 83 477 1, 267 6,550 |__ 8, 378 
MINI NGSO tae eee ne ee 87 726 1, 902 7, 692 1 10, 409 
Mississippi -___- tees 82 S0DT peeee= lao LOO 756 6, 940 
Missouri 3 ee 114 773 345 8, 957 ae: 10, 190 
Montana ____ ae 56 gs eS 2; 430 eee 2,610 
Nebraska ers 93 529 477 Teo Ray fee = 5 See 8, 198 
Nevada ________ ie 17 16 |) eR) 19 346 
New Hampshire — 10 11 224 241 487 
New Jersey See 21 331 238 551 ily 1, 159 
New Mexico 31 OS [pel 00s =e 1,195 
New York 2aseJ5| 57 615 | 927 7,913 96 9, 609 
North Carolina __ E 2 100 386 |__ 169 139 795 
INonthe Dakota amen seee sean ne 53 333 1, 470 2,271 37 4, 165 
Ohio PB, Ln) Rep gs aR ee ee 88 869 ood 700 ele 4,051 
Okighonis ss eee eee a er aoe 77 4050 ee sae 4097s eae 5, 238 
OPGSORL ao5 sae ee ot 36 | 192 AL Bee 2, 114 93 2, 436 
lexeyabetsnyi yeni. 8 9 ee 67 986 1, 577 2, 582 66 5, 279 
Rhode slanduene ee eee eas eres 7 32) |e eee 54 94 
South Carolina ee eee ee eee 46 PAR oe eee 39 10 361 
South Dakota____- Se er 64 311 1, 186 S436 eee 4,949 
TRENMCSS6Oue 2 eee. Lea wee ee 95 233 ae 95 yee 424 
EReX Se? 2a: Serene : 154 580. } 6,000 271 7, 106 
ah Sa. ae are a Sen 3 eR 29 197 40 a 267 
Mermont2s==—. 2 s ees 14 | 110 | 246 272 A 643 
Mircinia t= seen om Li SE RD 100 215 100 Dei 418 
Washington______ : ine 39 221 73 1, 491 371 2, 196 
West Virginia________ . = 55 | 202 55 313 
WOUSGOMSIN = eee ee as 71 525 1, 280 7, 390 6 9, 273 
WV 5302 Ia Cee Pee 23 82 385 32 491 
Notelz sa sees ee 3,052 | 16,450 | 19,304 |118,667 | 3,624 | 161, 145 
i 





1 Includes one for State. 
2 Includes road districts in commission counties. 


_ The total number of taxing counties in the United 
States, excluding those in States where the counties 
exercise no highway functions, is 2,666,° or an average 
of 72 counties per State in each of the 37 States involved. 
Although this figure is influenced slightly by the large 
number of counties in Georgia and Texas, the median 
number of counties is 67 or only slightly lower than the 
arithmetic mean. While the States must therefore 
deal with an average of approximately 50 percent more 


’ The five counties of Rhode Island do not exist as taxing jurisdictions, while the 
counties in Connecticut, Delaware, Maine, Massachusetts, New Hampshire, North 
Carolina, Vermont, and West Virginia perform no highway functions. Only three 
of Virginia’s counties engage in highway activities and in Pennsylvania the county 
rcad programs are of extremely minor character, with the possible exception of Alle- 
cheny County. None of these States has been included, therefore, in this figure. 











counties than the number of States with. which the 
Public Roads Administration is concerned, the problem 
of the States is still more complicated. The 48 States 
have 16,450 incorporated places or a mean of 343, with 
the median State possessing a total of 286 such incor- 
porated places. In addition 20 States have a mean of 
851 towns and townships engaged in road work,‘ with 
a median of 710. 


SAMPLING OBVIATES LARGE EXPENDITURES IN OBTAINING LOCAL 
DATA 


Some information on the highway activities of the 
rural units (counties, towns, townships, and road 
districts) is available for the years since 1921, with the 
exception of 1922. More exhaustive surveys were 
conducted in 1921, 1926, and 1931 and the data for 
these years are believed to be more reliable than those 
for the intervening years when lack of funds and 
personnel made thorough studies impracticable. 

The most exhaustive studies ever undertaken in this 
field were those conducted by the State-wide highway 
planning surveys which commenced in 1935. In these 
studies financial data were collected covering the re- 
ceipts and expenditures for 1 fiscal year of all taxing 
agencies for all public purposes. This was done in 
order that a proper relationship could be established 
between highway and other governmental activities. 

With the completion of these 1-year studies the 
problem again arises of collecting regularly adequate 
annual financial data relative to highways. The task 
has even increased recently, since it 1s becoming evident 
that the most urgent traffic problem requiring current 
solution is the provision of arterial approaches to urban 
centers both large and small. Authorities are generally 
agreed that the weakest links in the existing highway 
system are usually these roads in and near cities. It is 
on these roads that most traffic congestion occurs; 
consequently, it is there that the chief threat to the 
efficiency of highway transportation arises. It is also a 
fact that since these highways as a class are the most 
expensive of all to build, the financing of them is one 
of the most difficult and important tasks of the im- 
mediate future. Consequently, data from more than 
16,000 incorporated places should also be collected 
annually if a complete representation of the street and 
highway problem is to be obtained. 

The planning surveys have greatly stimulated the 
adoption of uniform reporting methods for all levels of 
government in many States and thus contributed to the 
solution of part of the problem, i. e., an improvement in 
the quality and availability of information. There is 
still the problem of the large number of units and the 
correspondingly large costs involved in analyzing their 
reports. And not to be overlooked is the fact that if 
uniform centralized reporting does not exist, field 
investigation will normally be required to obtain any- 
thing approaching the desired information. An investi- 
gation was made, therefore, of the feasibility of applying 
sampling methods to the collection of local financial 
statistics with the fiscal survey data of the Wisconsin 
State-wide Highway Planning Survey as the basis for 
the inquiry. It is with the conduct and results of this 
investigation that the present article is chiefly con- 
cerned. 


4'The townships of Indiana and Michigan for all practical purposes may be con- 
sidered to have no road functions. 

5 The studies at Madison, Wisconsin, reported here were under the sponsorship of 
Dr. H. R. Trumbower, Senior Agricultural Transporation Economist, and were 
made in connection with the cooperative agreement between the University of 
Wisconsin and the Public Roads Administration. 
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The data employed in this investigation were gath- 
ered by the Wisconsin planning survey during its 
original operations and were for the calendar year 
1935. The fiscal statistics for each Wisconsin town 
had been recorded on forms which provided for a fairly 
extensive itemization of revenues and disbursements 
for all purposes. The separate classifications employed 
on these forms are not all of equal importance. In- 
cluded to facilitate tabulation, many of them are not 
of particular significance in final analyses. The sam- 
pling of financial statistics should be restricted to in- 
clude only items that are relatively stable in their 
occurrence in the reports of the individual units. 
Certain categories of both receipts and expenditures 
are entirely too variable to permit accurate estimation 
by sampling techniques. This would be true, for 
example, in the case of the borrowings of Wisconsin 
towns. In ordinary times these jurisdictions resort to 
such methods of financing very infrequently, and totals 
obtained by sample expansion would not be very 
reliable. Sampling accuracy depends upon a_ sub- 
stantial degree of similarity in the individual members 
of the population or universe being sampled. 


IN SAMPLING CERTAIN ELEMENTS REQUIRE SPECIAL TREATMENT 


If the individual members of a population are radi- 
cally different one from another, an accurate descrip- 
tion of the characteristics of the group will be possible 
only through the inclusion of the entire population in 
the analyses. All that sampling procedures afford, 
where they are applicable, is a more expeditious and 
economical means of describing the properties of a large 
class of things or events by means of the observation of 
less than the whole number of individuals constituting 
the group. What is requisite is that there be some well- 
defined central tendency in the properties of the indi- 
vidual members of a given group. An arithmetic 
average may be computed for any set of numbers, but 
for purposes of sample expansion it is important that 
the individual numbers be fairly closely centered about 
their average value. 

6 A “town’’in Wisconsin is an unincorporated rural unit of government and should 


not be confused with so-called towns which are in reality incorporated villages or 
cities. 


In the present inquiry it was possible to include but a 
few of the more important classifications of receipts 
and disbursements which were provided for on the 
basic planning survey forms. On the revenue side 
these included (1) total local revenues, (2) total non- 
local revenues, and (3) total current receipts. On the 
disbursement side only total net expenditures were 
considered. All of the foregoing were further sub- 
divided to show amounts collected and expended for 
highway purposes and for all public functions. 

Table 2 presents data on the population distribution 
and expenditures of Wisconsin governmental units for 
1935 from which the relative importance of the fiscal 
operations of the town units may be judged. 

In applying random sampling to local units of goy- 
ernment it is necessary to consider the possibility that 





certain extreme elements of the universe may require 
special treatment. In Wisconsin the seven towns of 
Milwaukee County provide such an example. The 
receipts and expenditures of towns necessarily bear 
some relation to the population which they include. 
The average population of the seven Milw aukee County 
towns is approximately 6,600. This is more than aout 
times the average population of the remaining 1,273 
towns In the State, which is about 800. If there were a 
sufficient number of these large towns it would be pos- 
sible to employ stratified sampling. These especially 
large towns would in effect be treated as a separate 
universe and independently sampled. A random sam- 
ple, however, should ordinarily contain no fewer than 





30 items. In this instance, consequently, as in most 


others which would be encountered in sampling data 
for local units of government, it was considered ad- 


visable to obtain data for all of the Milwaukee County 
towns. The sampling inquiry was extended therefore 
only to the remaining 1,273 towns. 

There are a variety of ways in which a random selec- 
tion could be effected. The method selected in this 
instance used the so-called “Tippett’s Numbers.’ 7 
This procedure involved the superposition of a new 
and independent characteristic, that of an ordinal 
number, upon the individual members of the universe. 


7L. H. C. Tippett, Random Sampling Numbers, No. XV, Tracts for Computers, 
Edited by Karl Pearson, Cambridge University Press, London, 1927. 


TABLE 2.—Population distribution and net expenditure data for Wisconsin governmental units, 1935, classified by purpose } 



























































Other public functions 
-ercent- . a e : ! 
Namber tal age of Highways Grand total 
Unit of government of Batlaion total Education Total 
places POL popula- by ae? ee 
tion 
Amount Percent Amount Percent Amount Percent Amount Percent 
GE ee se ys ee ee ee ee 1, 280 1, 086, 944 37.1 | $5, 485, 159 14.7 |$13, 071, 972 23.8 |$16, 481, 150 10. 2 |$21, 966, 309 | tH 
Incorporated places having a population of 
SUL UE eS 2 ea ee en eee 334 159, 279 5.4 391, 330 1.0 2, 395, 970 4.4 4, 051, 512 2. 5 4, 442, 842 Bien 
PUTALATORG soon ee PE aS ee 1, 614 1, 246, 223 42.5 5, 876, 489 15.7 | 15, 467, 942 28.2 | 20, 532, 662 12.7 | 26, 109, li 1 | 13.3 
Incorporated places having a popeiani ion of— ie 7 . 
Aa 1 Bee ee z = 88 137, 613 4.7 429, 117 1.2 2, 269, 350 4.1 4, 702, 805 2.9 5, 131, 922 2. 6 
2) CE.) a ee nee r ; 36 128, 990 4.4 453, 731 1.2 2, 139, 826 3.9 4, 155, 669 2. 6 4, 609, 400 2.3 
5, 001-10, Lies = 20 141, 905 4.8 412, 970 De 2, 388, 745 4.4 4, 816, 365 3.0 5, 229, 335 | 2.6 
10, 001— 25, 000 _ — 14 223, 821 7.6 392, 249 i eel 3, 997, 845 7.3 8, 745, 482 5. 4 9, 137, 731 | 4.6 
ALE OR 7 ee ee apes eee ee eS 9 305, 175 10. 4 678, 083 1.8 5, 129, 930 9.4 | 12, 332, 469 | 7.6 | 18, 010, 552 6.6 
50,001-100,000_- ean 3 175, 703 6.0 246, 954 ora 38, 578, 688 6.5 7, 898, 974 4.9 8, 145, 928 4.1 
Milwaukee --__.- 1 577, 083 19.6 | 1,462,027 3.9 | 10, 826, 334 19.8 | 26, 624, 041 16.5 | 28, 086, 068 14.1 
iFban places. --2-..-==-<- eee eas Le 171 1, 690, 290 57.5 | 4,075, 131 11.0 | 30, 330, 718 55.4 | 69, 275, 805 42.9 | 73, 350, 936 36.9 
re es ee ee et 11, 255, 374 30.3 | 1,100,576 2.0 | 53,995,482 | 33.4 | 65, 250, 856 32. 8 
Te ey. 68 ee ae he Be AS J a a Sy SS EE ee eee 15, 974, 942 43.0 7, 885, 648 14.4 | 17, 700, 349 | 11.0 | 33, 675, 291 17.0 
Grand total_____._- oaro. 6 ie aoe Ra ae 1, 785 2, 936, 513 100. 0 37, 181, 936 100. 0 | 54, 784, 884 100. 0 161; 504, 298 100. 0 |198, 686, 234 100. 0 


























1 From Wisconsin State-wide Highway Planning Survey, basic analysis form, line 37. 
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TABLE 3.—Expenditures in Wisconsin towns selected for 
preliminary sample 
Total net 

expenditures 1 
Assigned tae cen 
Sarai County Town i : 

eares 

Actual $1,000 
90 Hae | SA Shland oe ae eee | GOL d On eee eeraees $11, 726 12 
30) seen ee dO ae eee Wihitey ily .en= =e eee 16, 673 17 
(ismee 2s eke Baytield san eee Pilsén eee eee 6, 257 6 
LOG See Buitslo: Sees eee (DO Vers seae = ee eee 13, 865 14 
1 Ie ae Sp ba ALE Oi ee ee | VON GOV lee ee eee 9, 759 10 
124s DEA urnett ene s. Kolletteses-s=saeaees 7, 770 8 
130 Re sees Galimet see iBrillions ee Pve eet 20, 382 20 
abet bie leads ae Chippewas ee ‘Birehu@ rec kes == eeeeeee 6, 555 7 
189 oe SoA Clarks = see eee eee EIx0 DS ee eee meee ta 19, 659 20 
LOO ee ee ee GO se ele ee ee Nash burn seco ee 9, 978 10 
205 aes @olumbia==-=— GCaledonia-zse=-e-2--5--—— =" 23, 655 24 
217 eee 20 2 ee eee INOW DOlbuseres 2 a 6, 030 6 
242 eee Dane: ton Salee ee ee Birk cesses ae if aaa ee 49, 523 50 
3045 Fees Doors see ae Bes Nasewaupeesee= nana = 17, 966 18 
32202 Dourlas2 == eee es Sunt een cee 16, 270 16 
ie etn Din ee eee ee Otter Creek_...._..______- 8, 990 9 
Sl aera JOE VCURNIG ee ee Fairchild: eee) ee 12, 110 12 
Sale = Oreste ae ee Blackwell Se ee 6, 833 7 
381i eee ho Bene ee ee ee Wi benosse: eee ee Fe 36, 327 36 
303 Se ee Fond du Lac____________ Mamartine sass saeeee es 20) 009 20 
S96 F ee eee ro bnyes Meeks Penge wh ninds Oaktic d === === 16, 073 16 
43 2 eee eee Grant: 2 se IWiabberStOv ieee eee 3, 451 3 
486 eer Jackson see eae A Dione ea eee 36, 375 36 
506: en aoe Tenerson meee eee Aztalan tee enone eee 14, 795 15 
51 eee ae ae Be 1 eee eat TON Lae eee eee Tae VAlyy 16 
p24 ease aie ta eee eee ee Cutlerst 22s eee 12 850 13 
5o2 ee ae Pelee 2 Oa ee ee eae a isbon® 2-2 eee ee 10, 308 10 
site ee owatineol anne eee West Kewaunee_____----_- 20, 407 20 
ieee eee eee gC rossemee seen re eee leieioablhyoval 22 ee 26, 022 26 
60S sees = incon mee ee ard Cae eee 6, 404 6 
Woopersto wiles =e ae 28, 173 28 
AWOL Vers eee eee ae 24, 202 24 
SieBorterticld ees se eee: 15, 893 16 
Oxtorde eae eee 8, 903 9 
araWiestheld- ise eee 9, 094 9 
Glendale: sees es ee 12, 384 12 
Greenficld = eses. = eee ONS) 5 
CON mas = he ee eee 12, 314 12 
inazelhurst seen ee 5, 371 5 
Pelicans cee See ae 22, 514 23 
JONNSTOWil eee eee 13, 089 13 
Maketow nie see 10, 541 11 
PAL On sae ee Be 15, 784 16 
@atawhasess a2 -s ee ee 6, 300 6 
(Prentice ssa 9, 655 10 
Mount Pleasant____.______ 114, 049 114 
Sylvan ose See eee 20, 464 20 
Bear'Creekee ess eS 19, 289 19 
loney; Creeks 22-5 es2e 19, 936 20 
IV GtOOT Se ot oe eee 5, 660 6 
Ojibwaieen oe eee 12, 307 12 
IWiGircOtes eee Sees 10, 128 10 
JSlbhel vine ee 11, 470 11 
ord S224 132 ae 6, 675 i 
Goodnich®-= = ee 9, 161 9 
Medford eee - a Saar 26, 479 26 
¢ Pigeons eee eee 23, 731 24 
1164___ BI VViaSh burr eee Gullliakere- se ae wee 4, 823 5 
JI60 2 Sees s)e eee ota ee ee Spooner. 3354-— 2s 5, 564 6 
1172 se es |e dos-= Cee aia Stone wWuakenees = eee 5, 778 6 
70 Semone | eee GO Sees eee Hartiord aes eee 19, 242 19 
T1GStas sere Wisikesha Same see Ottawa =e 10, 924 11 
1212 eee Walipacaee = eee ee arrapees ae eee 18, 656 19 
1254.2 Wannebacos a WiGale — Sa ae 19, 692 20 

















1 Data taken from basic analysis form. 


A general discussion of random sampling methods is 
given in the appendix, page 207. 

The numbering of the towns was the first task in 
commencing the actual selection of a sample. The 
1,280 Wisconsin towns ® were arranged alphabetically 
by and within counties, and then numbered consecu- 
tively. There was no important reason for an alpha- 
betical arrangement of the towns. It rendered the 
location of data for the selected towns somewhat easier, 
but it was not prerequisite and the numbering could 
have followed any other scheme without affecting the 
remainder of the procedure. 

Before the actual selection could be commenced it 

8 The seven Milwaukee County towns were numbered in regular order although 


they could have as easily been skipped inasmuch as they were not subjected to sam- 
pling for reasons outlined above. 











was necessary to make some decision relative to the 
size of the sample to be taken. The size of the ultimate 
sample, as will be emphasized later, must be predicated 
upon the probable accuracy which it is desired to attrib- 
ute to the resultant expansions. This decision cannot 
very well be made without some knowledge of the char- 
acteristics of the universe being sampled. Specifically 
it is necessary to have some idea of the dispersion of the 
individual members about their mean. In these cir- 
cumstances it is convenient to draw a small sample 
and compute certain statistics which facilitate the 
determination of final sample size. The initial sample 
in this instance consisted of 64 towns or approximately 
5 percent of the total number of such units in Wisconsin. 
This preliminary sample was fixed at 5 percent instead 
of some other proportion because previous investiga- 
tion had disclosed some facts relative to the range of 
town data. If the universe had been differently con- 
stituted, either quantitatively or qualitatively, or both, 
the choice of the initial sample would have been altered 
accordingly. In other words, familiarity with the 
general nature of the data being analyzed is a practical 
advantage for which there is no entirely satisfactory 
substitute. 


IMPORTANT FORMULAS EXPLAINED 


It was necessary to consider total net expenditures 
only in the preliminary computations since the stability 
of the other data was believed to be of approximately 
the same order. A given sample will not, of course, 
yield exactly the same reliability in all the different 
categories of receipts and expenditures. The indi- 
vidual reliability of these statistics varies with their 
respective dispersions. The size of the final sample, 
therefore, will depend upon the degree of reliability that 
is believed necessary in estimating the most widely 
dispersed of the items to be tabulated. It follows that 
the less widely dispersed items will be estimated with 
correspondingly greater reliability. 

Table 3 includes the planning survey expenditure 
data for the initial sample just described. In this 


TABLE 4.—Computations required in the calculation of standard 
deviation and arithmetic mean from table 3 
































5 Fre- ; 
Total net expenditures quency G)—-M, (2) X (8) (3) X (4) 
x f d fd fa? 
(1) (2) (3) (4) (5) 
1 —12 —12 144 
3 —10 —30 300 
G -9 —63 567 
3 —8 —24 192 
1 —7 —7 49 
4 —6 —24 144 
5 —5 —25 125 
3 —4 —12 48 
5 —3 —15 45 
2 —2 —4 8 
1 —1 —1 1 
1 0 | eRe eee 
5 1 +5 5 
i] 2 +2 4 
a 3 +3 9 
3 4 +12 48 
i 5 +35 175 
1 8 +8 64 
3 9 +27 243 
2 11 +22 242 
1 13 +13 169 
2 21 +42 882 
1 35 +35 1, 225 
1 99 +99 9, 801 
64) ee { Fe +86 } 14, 490 
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table the total net expenditures are shown in the last 
column to the nearest thousand dollars. This forms a 
preliminary step in the transition to table 4 and in 
addition provides a convenient tabulation of the com- 
puted values necessary for substitution in the formulas 
for the standard deviation and arithmetic mean com- 
puted by the so-called “short-cut”? method. The 
necessary notation follows: 


X=variable. 

M,=mean value of X. 

M,=assumed mean class interval. 

f (x) =frequency of occurrence of X. 
d=(x—M,) deviation of each value of X from class 
interval of assumed mean. 

N=2f=total frequency. 
o=standard deviation. 

om—standard error of the mean. 

The important formulas are: 





Ss iE wee (1) 
_ ae _( 3a 

= N -(e Salou ehah< s ucetad nc (2) 

AHN: ee er IES, at ae eee (3) 


In equation 2 the assumed mean should, for purposes 
of efficient calculation, be located asnear the actual mean 


as possible while the correction term ae must be an 
algebraic summation with due care observed as to the 
sign of the individual terms, since the correction may 
be either positive or negative depending upon the 
location of the assumed mean. 

Substituting the values from table 4 in these equa- 
tions yields the fellowing results: 





M,=M,+2 iD Se (1) 


=15+5=16. 344, 





~ o— fe (EY AWE so). 2) 
=| pee (3 re) — 14.987 
Tar IN Ds APE ne a (3) 


=14,987/8=1.873. 


If the coefficient of variation be used as a measure of 
reliability and defined as follows, it will provide a con- 
venient index for comparing various size samples. 

Let V=coefficient of variation (percent). 


30m 
He VM )100 ee Ak 


3X 1.873 
16.344 





In this case 


(ue )i00=34.4 percent. 


The interpretation to be placed upon such a result is 
that in repeated trials, randomly drawn samples of the 
same size (5 percent) will seldom * yield means varying 
by more than 34.4 percent from 16.344. It is prac- 
tically certain ™ that the true mean of the parent popula- 
tion lies between 16.844+5.619 or between 10.725 and 
21.963. 

The practical problem which arises 
the determination of coefficients of variation for samples 
of different size. This first 5-percent sample produced 
a reliability as measured by this statistic of 34.4 
percent. It is possible to effect a slight transformation 
in the basic equation for the coefficient ef variation and 
derive an equation which will facilitate the calculation 
of acceptable estimates of the reliability which can be 
expected from larger samples randomly drawn from the 
same universe. 

The original equation was: 


at this point is 


Substituting for o, the value given in equation 3, 
pe ae N 100 


which can be written 
V= ITN )t00 
Nae 


300 == 
af NN = SSS ee Se (5) 


This equation affords an expeditious means of cal- 
culation since the numerator can through reasonable 
assumptions be made a constant for a given problem, 
and the denominator is a direct function of the number 
contained in the sample. The assumptions necessary 
are (1) that the o computed for the initial sample is a 
satisfactory estimate of the dispersion of the parent 
population from which the sample was drawn, and (2) 
that the value of the mean obtained from this sample 


TABLE 5.—Coeffictent of variation of 5 to 75 percent samples of 
total net expenditures of Wisconsin towns, 1935, as calculated 
from initial sample of 64 towns 








iP Coefficient of 
Sitar pene variation ! 
sample, Nv re 
300455 iN 

64 34. 4 
81 30, 6 
100 27.5 
121 25.0 
144 22.9 
169 21.2 
196 19.6 
225 18.3 
256 17.2 
289 16.2 
324 15.3 
361 14.5 
400 13.8 
625 11.0 

9.2 

‘ 30014.98 = = 
1y ee N= Seas a N= 275.0917767-+--V N 


9 Presuming an infinite number of trials the variation would in the limit be greater 
only three times in a thousand. 

10 Observe a literal construction of ‘‘practically certain” as opposed, for example, to 
absolutely certain. Practically certain as here used does not imply the impossibility 
of an adverse result; it merely is indicative of the relatively infrequent occurrence of 
such events. 
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FicureE 1.—RELATION BETWEEN 
AND SIZE OF 


will suffice temporarily as an estimate of the population 
mean. Both of these assumptions are justified. 


RELATIONSHIP BETWEEN RELIABILITY AND 
SAMPLE SIZE EXAMINED 


The necessary calculations were arranged in this case 
us shown in table 5. The range of sample sizes was 
limited to 5 percent increments from 5 percent to 75 
percent, since the only purpose of these computations 
was to provide sufficient points upon which to base a 
freehand curve of the probable relationship between 
reliability and sample size for this particular mquiry. 
This curve is reproduced as figure 1. 

The responsibility for determining the size of an ac- 
ceptable sample is not a proper function of the statis- 
tician. It is an administrative problem the proper 
solution of which will depend upon the use to be made 
of the resultant expansions. The construction of a 
curve such as that shown in figure 1 is helpful in making 
a decision as to proper size of sample. It provides a 
graphical means of appraising various sample sizes in 
terms of their probable reliability. For purposes of 
illustration it was assumed in this case that acceptable 
accuracy called for a coefficient of variation of less than 
20 percent." It appeared, therefore, that a sample of 
200 towns or approximately 15 percent would be re- 
quired. 

The additional towns selected to raise the total 
sample to 200 are listed with their expenditure data 
in table 6. These towns were selected in the same 
manner as the first 64 towns, but, it should be noted, 
without duplication. The final sample, therefore, was 
precisely the same as though it had been randomly 
selected at one time instead of in two portions. The 
geographical distribution of the initial and final samples 
is shown in figure 2. 

Table 7 combines the rounded-off expenditure figures 
from tables 3 and 6 while table 8 fulfills the same fune- 
tion as table 4 in providing data necessary to the cal- 
culations which follow: 

Again substituting in the basic equations, 


afd 


Va =Mt% 


= 2 16.275. 


11 This is a purely abstract assumption and could as well have been any other 
percentage. 











ray -( 


ey 





28059 _ 
200 


255 
JSC SS ae 


=11.772-+/200=0.832 





pee “OOM 
V7. 


1 300 X0:832a5 
@esl6 2 75a 


15.34 percent. 


Tasie 6.—EHxpenditures of additional Wisconsin towns selected 
to complete final sample 


























Total net 
Assigned expenditures ! 
serial County Town = 
No. 
Nearest 
Actual $1,000 

Wy fore ere 9 ING heat pee eee Strongs Prairie________-- $3, 596 4 
Pal apne Loe” i<shland re Shanagolden____. ______- 5, 214 5 
O21 ieee eee Barros... 22) See ee ee eAr and eee een -~--||-11,,939 1 
OBia Se | eek 6.32322 eee Crystal bakes eae 22,181 22 
30 De Cee |e dae a eee ee Cumberland === ees 22, 472 22 
Gi2e eee Bayfield 22. 222 eA Cable Seer ee eee 9, 391 9 
66 eos | ee does ere Hughes) 24 eee oes 11, 694 12 
see ee 2 0 S26 c2e ees ee See Tron River = Sane eee 28, 633 29 
18 Sees eS ea liye ee ek eS Qrienta-2 et eee 7, 350 Hf 
OVS Fae Browse aoe eee Ltn DOL taeseeeeens sae 16, 311 16 
GOu = ee eee |e or do tee > SUSIICOS. .—=ee -| 30, 178 30 
(04S oe Bitalos ee ea ones Canton =F. 2.4.6 18, 246 13 
il ea ee dost = ee ee Modena 2.2 ae 17, 622 18 
Ges ee S002 2b ee Nelsonii2a- i eee 28, 927 29 
121 Sishigne IDOweyss-22- eee eee See 9,910 10 
LOG 2 a es th ee do. Se eee Menon 22 9, 316 9 
LO cree seals do eS pand Lake es ce seed Ge if 
144s aes ae Calumetaas= === iNew: ELOlSteine === amen 19, 919 20 
1S fn eee Clare ie. ee ee oe Lyon. 4 ee 10, 818 1 
US Ree So ee |e dos oe May villets sso sees 18, 991 19 
190QREEE a 2S ee doe Men LOT Sass Se ree 14, 984 15 
22) 52 ee @olumbis==s.———= Scott:.2 eee ee 13,235 13 
2242 er SSCS 0238 oat ees eee IW:vocenas- 2. oe was 17, 945 18 
220 ae Ciomuol Haney) 2s ae aoe 16, 330 16 
230 =e BER (eee ek See Mariette aise. sae ene OO aD ioe 21 
PAM oe ee om Prairie du Chien__-_______- 6, 505 u 
237 : Dane____ Berry, 22 280 eee 13, 878 14 
230ee aoe nee OR 5 Blooming Grove. ________ | 67, 560 68 
PAY fea See cx oes ate Bes dons 2 Pertiyaee se eee pate 13, 374 13 
261 Se ee Co xett Be eae Riutland(s. 2. see eee 23, 950 24 
20 (sae DO00rs S22) a5 ee @laybanks==sse=e =a 8, 095 8 
310 ao Dourlase2s222== Bennetts 22h eee 9, 267 9 
323 eas ae eae do 2 Superionz.222 2 = cee, SS 29, 646 30 
327 -—- Dunn 22 eee WauG alee seen 16, 028 16 
B20-2 eS |e ee dol a aS ee Grant. = 228.5 ee 125133 12 
350.2 eee lee eee (a Foes. ee a, 9 ge HayaRivers= =.= 10, 969 1 
B44 et ee Se do: Ba MAMSIC in gaee ees ba Se 11, 200 11 
plays 2 Haw Clairepe-ss= =. Union <2: a Fe eee eee 19, 555 20 
SOR sas. See ne (ole bee ee E oho Wiashinetone esses _| 23, 687 24 
Gye. Ye Fores ties coe a eee Gaond sss ase eee ee 47, 180 47 
39s Be (Oe Sees Popple Rivers. === 8,715 9 
389 | iMemelelar bse Empiresso255 ee eo 18, 559 19 
SOLS ee eee eee 613). ieee Forést.2--4 4a eee 15, 500 16 
£0 Seer eae QOL = oe 5) Laycheedabwenamens sees 14, 429 14 
40GSS ees Grantee =e ae Cassville sso ene 15, 559 16 
ge Dee eee 2k EO eas weeks ee os GlensHavent== =e 10, 413 10 
ALR ees 28 ee ae Ot Soe. es eee Tittle Grantee 8,515 9 
Nie Sse AIO ip Oe Pariss-5. 22 Se eee 13, 508 14 
406 54 wees Green #2) aye ee Aoi) Sa 16, 5388 17 
4A Soo ese) ee dose ae Syl vestenew oe ees 17, 090 1 
458 Green Lake Marquette___...___- 11, 855 12 
464 Iowa__- Cly des-- 5 eee eee 13, 634 14 
465 do Dodeeyille aan eee _| 36, 443 36 
466-2 __do Eden. 26-9 2 eee 8, 583 9 
eer es oe se. Olas sae ae eee Linden__-____-_- eee Same h oe: 17, 380 17 
473. E = COs eee Se eee Ridseway2 =e 19, 318 19 
493.3. . LACK SONG Sas eee ee Prankiing eee 9, 792 10 
OO le seen Gs (oan ee ee 8 Melrose... 22s eee ee 14, 301 14 
OOS Fes Wigitm@ do- Hebron £22 see 13, 377 13 
OlOta esac nas CO Ree eee es Oakland sero. eee 18, 332 18 
022 ee ae Juneau. ae ee Armeniae eee se ae gee 13, 027 13 
iy3 aie eS eae Go: Meee eee tu Clearfield-= =a 10, 751 11 
525 se Sia ca OL Le aes ee ee Finléy.22282 4es eee 7,749 8 
Gli eras be JOOS es | ee Menon Ww elt=. eee 9, 280 9 
Ee eee a ENS 6 (oR ARES SNe TES Say Wecedahi.2.. s=saaeee 32, 979 33 
S4g cee Teer ao aye Pleasant Prairie _._____- 71,446 71 
552 Kewauneeis 2 2a Hranklin= ss). ae _| 19, 326 19 
69 haan Ia, Grosse. 25-2 eee Sl Washing tons. eee eee 5, O80 5 


'! Data taken from basic analysis form, line 37, column J. 
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TABLE 6.—Expenditures of additional Wisconsin towns selected 
to complete final sample—Continued 











Total net 

















expenditures 
County Town i | 

Nearest 

cre $1.000 
Datayettes <2... +3. Aieyle: fr. oe 8 ee 13, 293 13 
a sf: eos BONGO. ct enn eters “eee 15, 991 16 
ie ee do-_- __| New Diggings eee La ero 20 
ae 30 i ee Seymour__.- 13, 948 14 
eee te Oe ees Wayne. 28, 879 29 
Lanenin 2 22 25 SIGH es Rae eee, 2 ae 6, 811 7 
Ol ea Harrison 8, 464 8 
PAG wens oa Schley ____ 15, 471 15 
Manitowoc._.._._..____- Newton 20, 017 20 
Marathon Orns eran errs Aer es 7,911 8 
OU tad Se ae Knowlton 14, 178 14 
INEGUTOG 6 ewes ae Tent on See ee. Sa ee! 5, 688 6 
Ocontd..22.-- oid | Bagieyon tect ke cee ees 5, 543 6 
Bdge few Little River 26, 911 o7 
pe sOsseh. 620. 22 =|) Maple Valley: i 18, 592 19 
LO 2 olct hd (ae eek Sa a Sib Woodboro ___- 9, 005 ce) 
Outagamie _____ __..| Kaukauna... _- 9, 102 9 
Oe ws ben eee | Liberty ao: 9,315 9 
Ozaukee sae rs a ee (Oration! “ees oe we 14, 813 15 
PIO CO sus eee ee IML ATT ON ae ee a 13, Tie 14 
= aKa te ES eee ORI VGl HANS. eee 244 24,738 25 
12) LAS ee Se oNN Co (cys ee ee gt ey SR 20, 621 21 
Bee NO ee ee eee ee Marmingtons ss. 20. . seks 12, 050 12 
ape? ee eee eee sept; Crobo Malis cs saan eco 18,340 18 
POLtGLOo 4 eter NOG WO Ne eee oe LO 678 11 
PEC: Nea ae a a Sloth ee a Pa es 7, 209 7 
RACHIG eee ee cee Be. DOVer eee ee ee 19, 580 20 
~ = oe eee: Saeee She ee ee Wrong el Sarees Perey) 13 
Eilon. Sen ea a Pe RS Richwogdsseee reste e 2s 12, 428 12 
Sl Ses tre eee Eee ROCK DEO en same oe 16,460 16 
Rock_.-- See eee) ONSLOW Dee tee ee 14, 628 15 
Bote ee aL I jive: Ys eae 51 A TE oe OL om 20, 453 20 
Sido ee eee OO Magnoliage 2 | 17 
RISK Sree eee ee eS Grant__ s Best 17,002 18 
See CVn. ees Seer ee Strickland... 10, 174 10 
—— dot ne one Stub bse. ee) 2. OF 13 
Ais (oie Ea 8 OER ad ‘Rhornapoleswe.. 2-2. _ 2653 17, 213 17 
St. Croix......- Cylon 228 | 10, 736 11 
do 7 Forest_____ | 14, 773 15 
ial Le, eet ee ee POW eee . 16, 046 16 
Sauk Fee eee Baraboo. 2h hee ED 23, 041 23 
alts [1 eens es eee ee ae Washinvtonr-n2 saeco oe 25, 910 26 
BAW Ver. 2 pees ee Draper___. 20, 464 20 
AAs (cf oe ae, Hunter__ 14, 100 14 
506s) ot eee Kound Lake___- 15, 576 16 
Mhinwatldrce mis oa ae Bartelme 6, 678 7 
a ed * Sep a See WOLtISes, eee er 11, 307 11 
Sheboygan ee | ouandan peewee. 30,947 36 
NC CGS eel, Ren te We a Pershing Ses ote |" 18;'979 9g 
(6 tone ae EE es ee Holway____- ee Se 13, 654 14 
cae = oe Ree MG KANIG Yee: = 5 Sede 10, 807 li 
Trempealeau hy. pe wl Chimney Rock.-._--_.___-- 14, 645 15 
ELdb2.2en, eis peal Eales ee Sek es 24, 295 24 
hY ODOT eee as foe ee Sterne < Saeed. ee eee 22, 397 Gy.) 
Walnpese see eee Boulder Junction. _______- 11, 906 12 
a) FS, an a ee St. Germain. : 8, 963 9 
Walworth. __...._| Whitewater-_- _-| 16, 907 17 
Washburn. - pit eee St One Lake rene ets ee 9, 341 9 
(aioe PE oe ATES Maren ras eS 7, 025 i 
Washington. Sie bE Parties: ae eee eee ae 11, 880 3, 
6, oe een ge eee ee een te TAN LOM Ger. ane ae oe a et) LOS BOS 17 
VIDA CHE ate ce et oe PEDO Gos see a) | Reg 17 
es Np ee ee ee) Royalton... tees ee 15, 651. 16 
Rape OG ee ee ee CANINA VIS tee = ee ee I, S66. 12 
AVC URI ge eee ce (AIpOraes 2 Fee ae 14, 734 15 
Sole ee FAD Bie Ma WARTOI Gs a5 ce oe eae 11, 469 11 
Ww innebago [eee us. 9) Ohmro Stet ae ot eee es an) 20, 120 20 
Wood. 2 es eee ee Henecs oe ence ook 8, 965 9 





























BM TOWNS SELECTED FOR 
PRELIMINARY SAMPLE 





ADDITIONAL TOWNS 
SELECTED FOR FINAL 
SAMPLE 








FIGURE 2.—GEOGRAPHICAL DISTRIBUTION OF INITIAL AND 
FINAL SAMPLES 


phasized, the choice of sample size should be governed 
by the minimum reliability required in the estimation of 
the most widely dispersed of the statistics tabulated. 
This procedure will necessarily result in a higher degree 
of reliability in certain items than might otherwise be 
required, but it is nevertheless the only practicable way 
sampling can be efficiently employed. If separate sam- 
ples were to be used for different statistics the clerical 
work involved would increase and could easily dissipate 
the savings that would otherwise accrue through the use 
of sampling procedures. It was not feasible in the 
present instance to present complete calculations for 
statistics other than total net expenditures. Table 9 
has been included, however, to provide some indication 
of the relative stability of other important receipt and 
disbursement classifications. 
The method of obtaining the results shown in table 9 
are as follows: 
The mean (M,) of total net expenditures of the 200 
Wisconsin towns selected for the final sample was found 
to be $16,275. There were 1,273 towns in the class to 


TABLE 7.—Frequency distribution of net expenditures of initial 
and final samples of Wisconsin towns taken from tables 3 and 6 





It is now possible to say that in repeated trials, 
randomly drawn samples of 200 towns will seldom 
yield means varying by more than 15.34 percent from 
It is practically certain, therefore, that the 
population mean lies between 16.275+3(0.832) or be- 
tween 13.779 and 18.771. 

The formulas which were applied in the calculation of 
the sampling error in total net expenditures are equally 
applicable to the determination of error in estimating 


16.275. 


any other statistics. 


Ordinarily the same sample 


should be used in estimating all data pertaining to the 
same class of governmental units for a given fiscal 
period. The dispersion of the various items may vary 
considerably, and consequently, as was previously em- 


























i] 
Total net ex- ey 6g ee hae Total net ex- ee Bees pha 
penditures towns | towns | towns penditures towns | towns | towns 
z 2 SEEN tt Ses 
$1,000 | $1,000 

Si ee i ee eae 2 bE eae oes ae 2 2 
ee ITs 3 2 | oy ee: eerie 3 3 
iamee 7 2 9 23..-. ARs 1 1 2 
(eee eee. 3 4 10 fe ee 3 | 3 6 
8. PA Ee 1 4 Bolt be need Fe A ti 1 
Lo Ma eae pe 4 | 14 OSH! 262 350-22 3 2 Lt 3 
i ere Se 5 4 2) | |e a ay i 
15 Se ees 3 9 12 28... 1 1 
tip EPO 5 9 18) ly) eee Se el Lea ee 3 3 
1 ee ee 2 8 LOC SO = 2 2 
DE See) 1 11 | 12 || 33.- | 1 I 
LB eo ae 1 7 ra | (Be (eae 2 2 4 
16.3 ee ae, 5 10 | ye | ee 1 1 
VE ee 1 8 9 || 50_- i! 1 
1S fe 1| 5 Oo) | ce ae a 1 1 
19__ 2 3 5 8 || 71 1 1 
via$ Neb Pa ac $ 7 | 8 | 15 oc Se 1 1 
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which the 200 yielding this mean expenditure belonged. 
The expanded figure representing the over-all expendi- 
tures of the group is $20,718,075 and results from 
multiplying the mean, $16,275 by the number of towns, 
1,273. The dissimilarity of the seven Milwaukee 
County towns was noted at the outset and it was 
remarked that it would be necessary to obtain actual 
data for all of them. The total net expenditures of 
these towns as shown in column 4 of table 9 was 
$1,423,660 which, added to the expanded figure for the 
1,273 towns described above, provides a State total of 
$22,141,735 as shown in column 5. This latter amount 


TaBLe 8.—Computations required in the calculation of standard 
deviation and arithmetic mean from table 7—Continued 














Total net expenditures Frequency} (1)—Ma (2) (3) (3) X (4) 
x i d fd fe 
(1) (2) (3) (4) (5) 
—12 —12 144 
—10 —650 500 
44) —81 729 
—8 —80 640 
—7 —35 245 
—6§ —108 648 
=) —45 225 
—4 —48 192 
—3 —42 126 
—2 —20 40 
—1 —12 12 
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was more than the known State total of $21,966,309 by 
$175,426 which facts are shown in columns 6 and 7 
respectively. As shown in column 8 this is a relative 
error of +0.8 percent. 


SUMMARY 


It is taken for granted that sampling would not 
ordinarily be undertaken where complete data are 
already available in the form desired. Consequently, 
in practical operations, it would be impossible to 
ascertain the actual error in expansions like those illus- 
trated above. The only practical indices of error 
which can be derived are those predicated upon theories 
of probability. In the case of the present expansions 
complete data were available and it is, therefore, pos- 
sible to compare the error which mathematical reason- 
ing had indicated as a maximum which it was prac- 
tically certain would not be exceeded, with the actual 
error which resulted. 

In table 2 it was shown that the total net expendi- 
tures of Wisconsin towns for 1935 as developed from 
the reports of the entire 1,280 units amounted to 
$21,966,309. In table 9 it is shown that the cor- 
responding figure resulting from this particular sampling 
experiment was $22,141,735. This difference of $175,426 
or approximately 0.8 percent was much less than the 
coefficient of variation calculated from the sample of 
200 units. The careful interpretation of this difference 
is of utmost importance. With such a result as a 
precedent there might be a tendency to assume that 
too great conservatism had been injected into the pro- 
cedure, and that in reality much smaller samples could 
be relied upon to yield satisfactory expansions. This 
would be an unfortunate attitude to cultivate, for it 
overlooks certain fundamentals of probability theory. 

In random sampling the most unbiased method will 
occasionally produce the most biased selection possible, 
while conversely, the most biased of sampling methods 
will now and then yield a sample that would satisfy 
every test for freedom from bias. It is a question of 
the frequency of particular results when an infinite, or 
at least a very large number, of trials are made. Even 
when a theoretically unbiased sampling method is 
employed it should be evident that the exact error can 
neither be foretold, nor indeed measured at all, save by 
tabulating all of the data, which procedure would, of 
course, completely vitiate the whole sampling attempt. 
The important consideration is, or should be, the 
relative frequency with which a biased selection can be 


TaBLE 9.—Eapansion of means obtained from sample of 200 Wisconsin towns together with a comparison of actual and relative errors 
resulting from the procedure 
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expected through the use of a given sampling procedure 
on the particular data available. It should be obvious 
that the frequency theory is only important as it affects 
the chances of bias in the single selection which is 
ordinarily drawn. The actual error in a single selection 
may be any size whatever, and this fact must be 
recognized if erroneous conclusions are to be avoided. 
Theories of probability are helpful, however, even 
though but one sample is drawn instead of an infinite 
number. 

The problem may be likened to one of the betting 
odds against the occurrence of a certain event such as 
the toss of a coin yielding a head, or the rolling of a die 
producing afour. Assuming freedom from bias in each 
case the odds against a head in the toss of a coin would 
be even or 1: 1, and against a four in the roll of a die 
5:1. Similarly, the odds against the occurrence of 
errors larger than certain specified departures from 
actuality can be calculated for the present sampling 
inquiry in exactly the same fashion in which it is done 
for coin tossing and die rolling experiments. The data 
in table 10 have been arranged to demonstrate these 
relationships. 


TABLE 10.—Probability of occurrence of theoretical errors in 
statistics abstracted from sample of 200 Wisconsin towns in 
comparison with actual errors 
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The important conclusion to be obtained from this 
resentation is that the reliability of a sample cannot be 
improved by using less standard errors of the mean as a 
criterion for an acceptable sample. It is true that by 
being less conservative and permitting a choice of sample 
size to rest upon calculations using a single standard 
error of the mean, the resultant expansions. will, 
apparently, be closer approximations of the actual 
totals. This improved accuracy is only apparent, 
however, since the odds against the error being of 
ereater magnitude decrease with the number of stand- 
ard errors used in determining the range. In the final 
analysis it is entirely a question of point of view; and a 
preference for one, two, or three standard errors of the 
mean is & matter of individual choice without substan- 
tial significance, providing it is understood that the 
probabilities are correspondingly altered and over- 
optimism is not engendered to the extent that too small 
a sample is selected. 


APPENDIX 


The method suggested in this article of selecting a 
sample by means of ‘“‘Tippett’s Numbers” opens up a 





field of inquiry that in itself is sufficiently extensive to 
require separate treatment. It is appropriate to dis- 
cuss here a few of the reasons for the use of random 
sampling numbers. 

By way of introduction it is pertinent to inquire 
exactly what is meant by a ‘‘random” sample. The 
statistical concept of randomness cannot be defined 
merely as the absence of design or purpose. It is not, 
as its name appears to suggest, the result of caprice. 
A definition sufficiently rigorous to satisfy the mathe- 
matician would fail in most respects to appease the lay 
reader. If, as is usually true, a random sample is 
taken to mean an unbiased sample, then the concept of 
randomness must be approached through a considera- 
tion of sampling methods rather than individual sam- 
ples. Itis the method that is biased or unbiased rather 
than particular samples drawn by that method. 

An unbiased method is merely one which, repeated 
a very large number of times (theoretically an infinite 
number), rarely produces a biased sample. It is clear 
that defined in this manner the question of whether 
methods are biased or unbiased largely depends upon 
the frequency theory of probability. If it can be 
established either empirically or inductively that a 
given method of sampling produces a biased sample 
very infrequently, then by definition, such method may 
be termed a random method and samples produced 
through use of the method will be random samples. 
While all samples, as thus defined, will be random 
samples, they will by no means all be unbiased. The 
apparent inconsistency is not real since the definition 
for an unbiased method in nowise precludes the pos- 
sibility of a biased drawing, but merely stipulates that 
such occurrences will be experienced relatively infre- 
quently. 

There is still another aspect of unbiased or random 
methods of selection that should be fully appreciated; 
and this is that a biased result may occur at any point 
in an infinite series of trials. There are no mathe- 
matical propositions upon which to base prognostica- 
tions of the point at which a biased drawing will occur. 
It is important to remember this because in actual 
practice nothing approaching an infinite number of 
samples is drawn. In fact, usually but a single drawing 
is made and conclusions derived therefrom are attrib- 
uted to the entire population from which the drawing 
was made. 

A random sample, then, is one produced by a random 
method of selection. A random method is usually 
taken to mean an unbiased method, that is, a method 
which infrequently yields a biased result. A biased 
result, however, may as easily occur one time as another 
(including the first time) in an infinite number of trials, 
the exact incidence of occurrence being utterly un- 
predictable. 

With meticulous regard for the foregoing distinctions, 
consideration may be given to the problem of drawing 
randomly. Stated in mathematical form, a random 
method is one in which every selection of MM objects 
from an original N is equally probable. This is a 
task that is deceptive in its apparent simplicity. If 
rigorous mathematical treatment is adhered to, there 
are few statistical problems more difficult of practical 
accomplishment. It is clear that whatever other expe- 
dients are resorted to it will not suffice to leave the 
matter of selection to human discretion. This is true 
even when the individuals concerned are imbued with 
a conscious desire to avoid bias, are unaware of predis- 
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positions of any kind, and are above suspicion so far 
as intellectual honesty is concerned. The remarks of 
two leading English authorities, Kendall and Smith, 
are worth quoting in this particular connection. 


* * & “House-to-house sampling, the sampling of crop 
yields, even ticket drawing have all been found to give results 
widely divergent from expectation. Apart from theoretical 
considerations, there is thus practical evidence to show that it 
is insufficient to define a random method as one free from pur- 
posive selection. The eriterion of randomness in selection must 
be of a more objective kind. 

For the purpose of the discussion we require, at this point, 
a notion of independence. For the present we take this con- 
cept to be undefined, merely noting that it may be expressed in 
terms of probability. With its aid we may define a random 
method of selection, applied to the characteristic C of a Universe 
U7, as a method which is independent of C in U. 

It is important to notice that this definition of random selection 
relates to a particular characteristic which is under considera- 
tion. There is no such thing as a random method of selection 
per se, considered apart from the universe whose members are 
being selected. A method which would be random for one 
universe is not necessarily random for another, and even within 
the same universe a method which is random in respect of one 
characteristic is not necessarily random in respect of another. 

This accords with general ideas on the subject. For example, 
a possible method of sampling inhabitants of a street is to take, 
say, every tenth house. This may give a random sample, but 
if every tenth house is a corner house, the sample may, or may 
not, lose its randomness. To decide this point, we shall have to 
consider the properties of the universe which are under investi- 
gation. If we were inquiring into the proportion of inhabitants 
with blue eyes, it might be sufficient to take the corner houses, 
on the assumption that the color of eyes was independent of 
geographical location. On the other hand, if we were sampling 
for income, the method might fail, since corner houses have, in 
general, higher rents and rates than others, and we should 
therefore expect to find them inhabitated by people with larger 
incomes. 

A practical question of great importanee which arises in this 
connection is: How are we to determine whether a given method 
is independent of a given characteristic? The answer is that we 
cannot determine it without doubt, for to do so would require a 
full knowledge of the universe; and this is almost always in 
practice denied us, for otherwise there would be no point in a 
sampling inquiry. The assumption of independence must 
therefore be made with more or less confidence on a priori 
grounds. It is part of the hypothesis on which our ultimate 
expression of opinion is. based.! 


Ample evidence to substantiate Kendall and Smiths’ 
recommendation against the use of so-called random 
methods of sampling involving the selection of every 
nth variate of an array has accumulated during the 
progress of the State-wide Highway Planning Surveys. 
To mention but one instance, the sampling of motor- 
vehicle registrations by taking each license number 
ending in naught was found quite unsatisfactory. 
It is useless to speculate upon the reasons for the bias 
which occurred, but important to note that it did 
occur in spite of a popular belief that the method was 
entirely adequate and practical. 

Virtually the only situation in which the selection of 
every nth variate would fulfill the general requirements 
for an unbiased method would be where the variates 
were arrayed in random order at the outset. 
sampling process would then consist merely in choosing 
the necessary number of variates, taking them in a 
block from any part of the array. This presupposes 
the existence of randomness in the arrayed order of the 
variates prior to selection, a condition seldom if ever 
satisfied. In fact the entire problem arises precisely 
because raw data as they are usually assembled are 
not randomly arrayed. Data tend to become what is 
termed “packaged”? or grouped together in various 


! M. G. Kendall and B. Babington Smith, Journal of the Royal Statistical Society, 
vol. 101, p. 151, 152. 
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and sundry ways. Sometimes packaging in data is 
readily discovered merely by inspection, while at other 
times its detection is extremely difficult. 

Granted that the method of drawing every nth 
variate lacks virtue, consideration may be given the 
alternative chiefly resorted to prior to the advent of 
random sampling numbers, that is, lottery devices. 
These methods involve the same initial step necessary 
in the case of sampling by random numbers, the super- 
imposing of an additional and independent charac- 
teristic upon the members of the universe. This is 
accomplished by numbering the members in any con- 
venient way. Tickets, cards, marbles, beads, capsules, 
and an infinitude of similar media are numbered to 
correspond and placed in a variety of contrivances that 
supposedly effect thorough shuffling. Practical experi- 
ments, however, have demonstrated that it is impos- 
sible to mix balls or shuffle cards sufficiently to effect 
randomness in their arrangement. Speaking of this 
problem Karl Pearson of the University of London says, 

* * = The dice of commerce are always loaded, however 
imperceptibly. The records of whist, even those of long experi- 
enced players, show how the shuffling is far from perfect, and to 
get theoretically correct whist returns we must deal the cards 
without playing them. In short, tickets and cards, balls and 
beads fail in large scale random sampling tests; it is as difficult 
to get artificially true random samples as it is to sample effec- 
tively a cargo of coal or of barley.? 

It is evident that what is needed is an unbiased 
method of sampling that will overcome the deficiencies 
of the alternative methods that have been discussed. 
A method is needed that will overcome the theoretical 
objections surrounding the taking of every nth variate 
of an array, and at the same time one that will avoid 
the practical difficulties involved in devising and oper- 
ating an adequate shuffling mechanism for the ran- 
domizing of tickets, capsules, beads, etc. Fortunately, 
beth objectives may be accomplished by the use of 
random sampling numbers. 

Random sampling numbers are tables of numbers, 
the digits of which have been selected by unbiased 
methods. Presumably they represent a random set 
of possible ordinals. Until recently, relatively few 
tables have been offered, but a number of methods of 
producing satisfactory sets have been devised, includ- 
ing some very refined processes. There are a number 
of technical requirements to be satisfied in constructing 
a set of numbers, and there is still a measure of dis- 
agreement among students as to the necessary and 
sufficient tests that must be applied. The fact that no 
set of numbers has received the unqualified endorsement 
of all investigators is a circumstance of little conse- 
quence insofar as the present use of certain of these 
tables is concerned. The numbers of Tippett, Kendall 
and Smith, and possibly others, are entirely satisfactory. 

One of the conditions to be satisfied by a set of ran- 
dom sampling numbers is ‘local randomness’. The 
concept of local randomness arises from the necessity 
of distinguishing between a random table of numbers 
and a table of random numbers. Any set of numbers 
are random in the sense that they could have resulted 
from a random selection. A set of one million zeros 
might even have been produced by an unbiased method. 
Subsets of numbers drawn from such tables would not 
necessarily, in fact almost certainly would not, be 


(Continued on page 212) 


2 Karl Pearson, in foreword to Random Sampling Numbers, by L. H. C. Tippett, 
No. XV, Tracts for Computers. Cambridge University Press, London, 1927 
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Pape WOMGEASS ~oLAG ON THE STABILITY 
AND RESISTANCE TO FILM STRIPPING OF 
BITUMINOUS PAVING MIXTURES 


REPORTED BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 


HERE appears to be a considerable difference of 

opinion in the various States that use blast-furnace 
slag as a road-building material as to the amount of 
restriction that should be 
placed on the percentage 
of glassy particles in slag 
aggregates for bituminous 
paving mixtures. This dif- 
ference of opinion is re- 
flected in the specification 
requirements of the States 
concerned. Several States 
that use slag place no 
restriction whatsoever on 
the amount of glassy ma- 
terial. Others allow vari- 
ous Maximum percentages 


the presence of water. 
From an investigation 


In the various States that use blast-furnace slag as a 
road-building material, there appears to be considerable 
difference of opinion as to the amount of restriction 
that should be placed on the percentage of glassy par- 
ticles in slag aggregates for bituminous paving mixtures. 
Glassy particles have been considered detrimental The 
because it was feared that their smooth surface texture 
would impair the stability of bituminous mixtures and 
that the bituminous film would not adhere to them in 


to determine whether the 
stability and resistance to film stripping of bituminous 
paving mixtures prepared from slag aggregates were 
affected materially by the glassy-particle content of 


sized to pass the No. 8 sieve. No attempt was made to 
determine its glassy-particle content. It was used as 
the fine aggregate in preparing all the mixtures for the 
stability tests but was not 
used in the mixtures for 
the film-stripping test 
since these mixtures con- 
tained only material pass- 
ing the %-inch sieve and 
retained on the No. 4 sieve. 
percentages of 
glassy particles contained 
in plant samples 1 to 6 
inclusive, as determined 
in the Public Roads lab- 
oratory, were as follows: 


Glassy particles, 


from 20 percent in some the slag, it was concluded: pes Slag No percent 
‘ases down to 10 percent 1. The susceptibility to film stripping of the mixtures he a 99 
alee ee containing the six slags that were tested was not maw 22 
in others. A third group affected materially by variations in the content of ois 17 
of States words its specifi- glassy particles. he ae ae 21 
eations in such a wav as 2. For bituminous mixtures containing 0, 15, and 30 5 Pe 


virtually to prohibit the 
inclusion of any appre- 
ciable percentage of glassy 
particles. 

As generally understood, 
glassy particles are those 
that by visual inspection 
appear to be composed of 
more than 50 percent of glassy material. They are 
characterized by a vitreous to waxy luster and are 
therefore easily distinguished from the rough-textured 
cellular material that usually comprises the. major por- 
tion of blast-furnace slags. Glassy particles have been 
considered detrimental because it w as feared that their 
smooth surface texture would impair the stability of 
bituminous mixtures and that the bituminous film 
would not adhere to them in the presence of water. 

The investigation which is the subject of this report 
was undertaken to determine whether the stability and 
resistance to film stripping of bituminous paving mix- 
tures prepared from slag aggregates were affected 
materially by the glassy-particle content of the slag. 

The seven samples of slag used in the investigation 
were furnished by the National Slag Association and 
were obtained from representative plants in Ohio, 
Pennsylvania, and New York. They were normal ma- 
terials for the plants that produced them and while not 
necessarily representative of slag aggregates for the en- 
tire country, they were typical of material produced in 
the areas from which they came. Samples 1 to 6 were 
composed of various proportions of glassy and non- 
glassy particles all retained on the No. 4 sieve. The 
percentage of glassy particles in each was determined 
by hand sorting the entire samples and weighing the 
glassy and nonglassy fractions. The fractions were 
then stored in separate containers and used either sep- 
arately or recombined in definite proportions for the 
various tests to be described. Sample 7 was a slag sand 


concrete are necessary. 


requirements placing drastic limitations on the glassy- 
particle content of slag aggregates for bituminous 








percent of glassy particles in the fraction retained on hice 25 


the No. 4 sieve, the percentage of glassy material did 
not have a significant effect on stability. : Sesion 
3. The tests furnish no indication that specification ON INDIVIDUAL FRACTIONS 


FILM-STRIPPING TESTS MADE 


AND ON BLENDS 


From each of the six 
slags listed above, three 
classes of bituminous mix- 
tures were prepared for 
the film-stripping test. The first contained only the 
nonglassy fraction; the second contained the same pro- 
portions of nonglassy and glassy particles as were 
found in the plant samples; and the third contained 
only glassy particles. A complete series of mixtures 
was made with each of four bituminous materials, 
namely, RC-3 cut-back asphalt, 85-100 penetration 
asphalt, and road tars RT-6 and RT-9. All the mix- 
tures contained 5 percent by weight of bituminous 
material and 95 percent by weight of aggregate. The 
aggregates were sized to pass the %-inch sieve and be 
retained on the No. 4 sieve. All the mixtures were 
oven-cured for 24 hours at a temperature of 140°F. 
before testing. 

The stripping test was made in an apparatus similar 
to that described by Victor Nicholson in the Proceedings 
of the Association of Asphalt Paving Technologists, 
January 1932, page 43.! Certain modifications of the 
described machine were made such as the installation of 
an electric heater and thermostat in the bath and the 
provision of a variable-speed motor and odometer, to 
permit variation of the number of turns obtained during 
the 60-minute normal test period. The rate of rotation 
used in these tests was 45 revolutions per minute. 

The amount of stripping was recorded at 15-minute 
intervals during the 60-minute test period. The test 
temperatures were: For the first two 15-minute periods, 
77° F.; for the third 15 minutes, 100° F. and for the 


1 See also Report of Committee on Characteristics of Asphalts, by E. F. Kelley, 


Chairman. Proceedings of The Highway Research Board, 1937, pp. 329 to 333. 
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fourth and final 15 minutes, 120° F. The degree of 
stripping at each time of observation was recorded as 
follows: 


N=no stripping; 
VS =very slight stripping (minute breaks show- 
ing in film); 
S=slight stripping (dots of bare stone showing) ; 
B=bad stripping (4 of the aggregate surface 
exposed); and 
VB=very bad stripping (more than \% of aggre- 
gate surface exposed). 


In order to facilitate comparison of the behavior of 
the various test mixtures, two methods of assigning 
numerical ratings based on the test results were de- 
vised. In both methods the numerical values, 100, 90, 
70, 40, and 0 were assigned to the five degrees of strip- 
ping—N, VS, S, B, and VB, respectively. 

In the first method of rating (see table 1) the ob- 
served condition of the samples after 30 minutes of ro- 
tation at 77° F. was taken as the criterion of behavior 
and the numerical value previously assigned to the 
degree of stripping observed was used as the rating 
index. 

In the second method (see table 2) the numerical 
values corresponding to the various degrees of stripping 
observed at the four stages of the test were averaged to 
give a rating index. By either method, the best pos- 
sible rating would be J00 corresponding, in the first, 
to “no stripping” after 30 minutes rotation at 77° F. 
and, in the second, to “no stripping” after 15, 30, 45, 
and 60 minutes while the temperatures at the respec- 
tive observation times were 77° F., 77° F., 100° F. 
and 120° PF. 

The results of the stripping tests on the entire series 
of mixtures using the first method of rating, as shown 
in table 1, indicate that the type and consistency of the 
bituminous material affected the amount of stripping 


TasiE 1.—Results of stripping tests for one test condition! (rating 
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1 Test condition: Temperature, 77° F.; time of rotation, 30 minutes. 
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TABLE 2.— Results of stripping tests for four test conditions } 
(rating method 2) 



































Rating in the stripping test for slag 
aggregates mixed with— 
eet. a 
Slag No. particle 2s 
jcontent sew Average 
iO.) || JL RT-6 | RT-9 | ofall 
tration tests 
asphalt as 
1 eee ae Sere ee 0 58 78 28 60 
De ae ee ee ek 0 58 78 28 33 
Oe ee ae a eh ie eee a ene a 0 50 50 0 33 47 
ALAS een ie PEER Te SA ee 0 60 50 0 33 i 
Dy ee ee ee eee ee 0 73 68 28 50 
Gest SELES ot Se eee ne ee 9 68 73 33 33 
VOT ADC seo es oe ee ea 61 66 20 40: |e 
Le ee, ee 22 58 85 63 28 
Die eee rae eee ee 22 78 85 50 28 
Cee Shey oe eee eats 8, 17 63 63 50 28 55 
4. AS, Dae eee ee 21 63 73 20 28 
fish tte ABN weet OEE Ser eee, rae At 22 63 85 45 43 
ae Gates tee ae, cee ee 25 58 85 45 43 
AVOTAGC 222s aan eel eee 64 79 46 33) |e 
jee era eo ek Se ee ae 100 50 78 20 28 
D5 ReneS ee ey ee ee 100 50 78 28 28 
Be ee eae eae Pee BU 100 40 63 10 28 41 
| Ce Aan AO SF cok ae SX oe de 100 50 63 0 28 
5 ee ae ee ee ae ee, 100 63 73 0 43 
Gi a ere ree 100 63 78 0 28 
(A VOTAG C2 4-36 ne Saree eed Sure 53 72 10 3L) | ae 


























1 Condition observed at 15-minute intervals while test temperature is 77° F. for 
30 minutes, 100° F. for 15 minutes, and 120° F. for 15 minutes. 


to a much greater extent than did the variations in the 
glassy-particle content of the slag aggregate. In fact, 
no consistent and significant difference in the resistance 
to stripping appeared to result from the complete ex- 
clusion of glassy particles or the inclusion of 100 percent 
glassy particles in the mixtures with any of the bitumi- 
nous materials. The most startling result of the tests 
was the fact that, in 22 out of 24 sets of samples where 
the only variable considered within the set was the 
glassy-particle content, the mixtures containing blends 
of glassy and nonglassy particles showed resistance to 
stripping equal to or greater than that shown by the 
mixtures containing all nonglassy particles; and that in 
20 out of 24 cases, the mixtures containing all glassy 
particles resisted stripping as well as, or slightly better 
than those containing all nonglassy particles. 

The ratings obtained by method 2, as shown in table 
2, are generally similar in the group relationships to 
those of table 1, although the numerical values are 
nearly all lower. It should be realized that the ratings 
in both tables are based on visual estimates of the 
extent of the stripping. Thus, they are, at best, only 
approximately quantitative and for that reason, slight 
differences in the ratings of individual samples should 
not be given too much consideration. However, the 
test results by groups of samples show a fair degree of 
consistency and, from these group relationships, it is 
concluded that the percentage of glassy particles in the 
slag aggregate has no important influence on stripping. 


STABILITY TESTS MADE ON MIXTURES CONTAINING 0, 7.5, AND 15 
PERCENT GLASSY PARTICLES 


Both roller stability and Stanton-Hveem stability 
tests were made on a series of slag-asphalt concrete mix- 
tures containing one 50-60 penetration asphalt and 
three different proportions of glassy and nonglassy 
particles, All six slags were brought to the following 
grading and 7.5 percent by weight of asphalt and 92.5 
percent by weight of aggregate were used in all the 
mixtures. 
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Total amount 


Passing 

Sieve size: percent 
eee Ca ae oe) eee Ee ee 100 
34-inch_-.._ Pa ee, OE Se 92 

NOs a 2. See ee ea) A Pee 50 

ING eet ee ee ee ee ee 42 


For all the mixtures, the material passing the No. 4 
sieve and retained on the No. 8 sieve was obtained by 
crushing and sieving a part of the nonglassy material 
from the appropriate ew sample. In all cases, the 
fraction passing the No. 8 sieve consisted of a portion of 
slag sand, sample No. 7. As shown above, the sum of 
these two fractions, 5 the total amount passing the 
No. 4 sieve, comprised 50 percent of the aggregate in 
each test mixture. 

Variations were made in the glassy-particle content of 
the 50 percent of the aggregate retamed on the No. 4 
sieve. In one set of six mixtures (one from each slag 
sample) no glassy particles were included in the fraction 
retained on the No. 4 sieve. In the next set, 15 percent 
of the material retained on the No. 4 sieve, or 7.5 
percent of the total aggregate, consisted of glassy 
particles. In the third set, 30 percent of the coarse 
fraction or 15 percent of the total aggregate was glassy. 

One 2}s- by 4- by 8-inch specimen was prepared from 
each mixture and tested in the Public Roads roller 
stability machine.?- Each specimen was compacted to 
develop the same aggregate density in the bituminous 
mixture as that obtained by vibrating the dry aggre- 
gate.° The compacted unit weights of the mixtures in 
grams per cubic centimeter and the roller stability 
values obtained on them are given in table 3. 

The roller stability test is a simulated small-scale 
traffic test in which a series of small steel rollers are 
passed over the specimen, which is immersed in water 
maintained at the test temperature of 140° F. The 
measure of stability is taken as the number of roller 
passages required to produce an elongation in the speci- 
men of 0.3 inch. 

After the specimens had been tested in the roller 
stability machine, they were broken up and a portion 
of each was molded into a cylindrical specimen 4 inches 
in diameter by 2% inches high for the Stanton-Hveem 
stability test. These specimens were molded under 
direct compression of 3,000 pounds per square inch by 
the double-plunger method. They were tested at a 
temperature of 77° F. The results of the Stanton- 
Hveem stability tests are given in table 4 and are 
shown graphically in figure 1. 


TABLE 3.— Results of roller stability tests on slag-asphaltic concrete 






































Unit weight of test Roller stability at 
specimen 140° F. 
Slag No. 
0 per- | 7.5 per-| 15 per- | 0 per- | 7.5 per-| 15 per- 
cent cent cent cent cent cent 
glassy | glassy | glassy | glassy | glassy | glassy 
Gm, Gm. Gm, 
per per per 
CoG) CFG Gs. G, 
1D gl pe ate Bian et Sl a a , 2.21 2. 23 2. 26 15 24 20 
2 eR RES SE Ee eee 2. 22 2. 24 2.20 28 25 19 
ihr Fete eas av Ee a ee 2.33 2. 34 2. 34 55 51 27 
OS. ee ee eee 2. 21 2. 23 2. 24 22 24 14 
eae 235) Bees 2. 23 2. 24 2. 24 25 33 28 
A Bee ee tae oe 2.19 2. 21 2. 22 25 25 21 
AG ea Bek 8 ca aes 2. 23 2, 25 2. 26 28 30 22 














2 Apparatusand method of test described by E. L. Tarwaterin PUBLIC ROADS, 
September 1935, p. 134. 

8 Apparatusand method of test described by J. T. Paulsand J. F. Goodein PUB- 
LIC ROADS, May 1939, p. 55. 
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Figure 1—Maximum, Minimum, AND AVERAGE STANTON- 
HvrEM Srapitiry CurRvVES FOR THE 18 Test MIxtTuRES OF 
TABLE 4, 


This stability test is a direct compression test in 
which a measurement is made of the lateral pressure 
generated in a cylindrical test specimen by the axial 
load. High lateral pressure for a given load indicates 
relatively low stability while low lateral pressure for the 
same axial load indicates relatively high stability. 

Neither the roller nor the Stanton-Hveem test results 
indicated that the stability of this group of mixtures 


TaBLE 4.— Results of Stanton-Hveem stability tests on slag- 
asphaltic concrete 






































) “¢d 
3S — = Horizontal pressure, when total vertical load was— 
5 
Be a3 : {ee = 
a E d n 7 a LD 
Slag No. it So og is 3 og rg is 3 3 
2g +2 Ee 5 iS iS Sige oases & 
nO | ¥®P So tom ros | on tan | Sse] a2 tag 
co) o oo eo°0 eo oo eo oe¢o oo oc 
= AS Sa/Sa}/Sa1oa|/ soa | Fa] sa] oa 
Leo) p o _ oD 1D ~~ o _) re = 
Gi CU oO eos We bbwel, 0s) GD; i) OW a0. i) 2B 
Per-| per | per | per | per | per | per | per | per | per | per 
cent | c.c. |sq.in.|sq. in.|sq. in.|sq. in.|sq. in.|sq. in.|sq. in.|sqg. in.|\sq. in. 
(ie Wee see ee oe 0 | 2.31 5 6 8 11 17 31 66 | 119 175 
Dio at Set 8 0 | 2.32 5 6 9 11 14 22 45 92} 1145 
eee 0 | 2.36 5 7 11 16 25 47 85 132 185 
1 0 | 2.26 5 7 10 14 20 38 74 122 174 
oF open 0 | 2.31 5 6 8 ll 15 30 67 115 169 
aseeae = 0 | 2.26 5 6 9 12 19 34 65 | 109 159 
AVCTACO: Aso oto ee 5 6 9 13 18 34 67 115 168 
Te eee 7.5 | 2.30 5 6 9 13 21 38 74 | 122 176 
Qe Tob | 2. 33 5 6 9 12 17 30 63 | 112 165 
Eee ee rere 7.5 | 2.38 5 7 11 16 27 51 90 139 190 
ee eS 7.5 | 2.27 5 6 9 13 20 41 81 129 182 
05 Soros. Coy aa BL 5 6 9 12 19 35 74 121 174 
oe eae 7,5 | 2.28 5 6 9 ll 17 34 72 | 122 174 
A verag¢ 5 6 9 13 20 38 | 76 124 177 
tN = ee 15 | 2.34 5 7 10 14 22 41 81 130 185 
1 es ‘ 15 | 2.34 5 6 9 12 18 34 73 122; 175 
1 a Be 15 | 2.38 5 7 12 19 33 61 102 148 | 2197 
ae : 15 | 2.28 5 6 10 15 25 51 91 139 190 
er eee ee 15 | 2.32 5 6 9 13 20 38 76 124 174 
|i fa 15 | 2.29 5 6 9 14 21 40 | 7 | 123 | 174 
Average_|_.....|_.__- 5 6} 10) 15} 23) 44] 88) 381] ase 
! 
































1 Most stable of the 18 mixtures. 
2 Least stable of the 18 mixtures. 
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was materially affected by the glassy-particle content of 
the slag aggregate. Considering individual — slag 
samples, the roller stability test imdicated that the 
mixtures containing 7.5 percent glassy particles might 
be slightly more stable than those containing 15 percent 
(see table 3). However, in two cases, the mixtures 
containing no glassy particles appeared to be slightly 
less stable than either of the mixtures containing glassy 
fractions and there were only two cases in which the 
nonglassy mixtures showed even slight superiority 
over both the corresponding glassy mixtures. 

The Stanton-Hveem tests were quite consistent in 
showing a slight advantage for the all nonglassy mix- 
tures over those containing 7.5 percent of glassy mate- 
rial and essentially the same advantage for the 7.5 
percent mixtures over those containing 15 percent 
glassy material. These slight differences are not 
believed to be particularly significant since, without 


exception, the stability values for all 18 mixtures, 
whether obtained by the roller or Stanton-Hveem 
method, are well within the range considered necessary 
to assure satisfactory resistance to displacement under 
traffic. 

CONCLUSIONS 

1. The susceptibility to film stripping of the mixtures 
containing the six slags that were tested was not affected 
materially by variations in the content of glassy 
particles. 

2. For bituminous mixtures containing 0, 15, and 
30 percent of glassy particles in the fraction retained 
on the No. 4 sieve, the percentage of glassy material 
did not have a significant effect on stability. 

3. The tests described furnish no indication that 
specification requirements placing drastic limitations on 
the glassy-particle content of slag aggregates for bitu- 
minous concrete are necessary. 








(Continued from page 208) 


random. Hence, a table of numbers from which ran- 
domly arrayed subsets may be drawn is designated 
“locally random’. ; 

The subject of local randomness cannot receive a full 
exposition here but some discussion of its fundamental 
importance in a set of random sampling numbers is 
believed to be desirable. The remarks of Kendall and 
Smith relative to tests for local randomness are worthy 
of quotation. 


For practical purposes in deciding whether a given set is 
locally random, we have found that the following four tests are 
useful and searching. They are, however, not sufficient to 
establish the existence of local randomness, although they are 
necessary. 

a. The first and most obvious test to be applied is that all the 
digits shall occur an approximately equal number of times. 
This test we call the frequency test; 

b. Secondly, if the series is locally random, no digit shall tend 
to be followed by any other digit. If therefore we form a 
bivariate table showing the distribution of pairs of digits in the 
series, arranged in the rows according to the first digit, and in the 
columns according to the second digit, we should get frequencies 
which are approximately equal in all the cells. This test we 
refer to as the serial test; 

c. Thirdly, if the digits are arranged in blocks of, say, five, 
there will be certain expectation of the numbers in which the 
five digits are all the same, the numbers in which there are four 
of one kind, and so on. This test we refer to as the poker test, 
from an analogy with the card game; 

d. Finally, there are certain expectations in regard to the gaps 
occurring between the same digits in the series. For instance, 
if we take one digit, say, zero, in about one-tenth of the cases 
the first zero will be followed immediately by a second zero, and 
there will be no gap. In about nine-hundredths of the cases 
there will be one digit between two zeros. In about eighty-one 
thousandths of the cases there will be a gap of two digits between 
successive zeros, and so on. ‘This we call the gap test. 

These four tests taken together are very powerful. It is com- 
paratively easy to form series that evade the first three. For 
example, the recurring series, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, evades 
the frequency test, the series 1-2—3-4-, etc., evades the frequency 
test, and the serial test if the dashes are filled with random digits. 
We have, however, not succeeded in constructing a series which 
would certainly evade the gap test. Such a series would, it 
appears, have to have a very peculiar bias indeed, such as would 
hardly ever rise in practice. 

The gap test may be extended. Not only will there be an 
expectation of the frequency of the gaps, but there will also be an 
expectation of the gaps between gaps of the same kind; these in 
turn will have expected gaps between them, and so on. There 
is thus an infinite sequence of the gap tests no one of which 
includes the others. All these tests are necessary for local ran- 
domness, though we have not established their sufficiency. It 
appears, therefore, that there is no finite set of tests of this 


3M. G. Kendall and B. Babington Smith, Journal of the Royal Statistical Society 
vol. 101, pp. 154, 155. 








character which is sufficient to demonstrate the local randomness 
of all finite sets of numbers.? 

There remains to be mentioned the manner of using a 
set of random numbers in drawing a sample. If the 
topics just discussed are kept in mind, the use of a table 
of random numbers is extremely simple and straight- 
forward. As already indicated, the first step is to 
number the members of the universe being sampled in 
any convenient order. Then, recalling that the digits 
of a proper set of random numbers are locally random, 
it is seen that all that is required is the choice of some 
pattern for selecting subsets of the proper number of 
digits each of which will constitute the sample to be 
drawn. from the universe in question. 

Naturally, to maintain theoretical validity the pat- 
tern chosen to select subsets should be followed con- 
sistently until a sufficient number of ordinals are ob- 
tained or until the possibilities of this pattern are ex- 
hausted. Most sets are arranged in columns of four or 
five digit numbers. Assuming the set being used to be 
that of Tippett which contains columns of four digit 
numbers, the selection of a 10 percent sample, for 
example, from a universe of 1,000 variates becomes a 
matter merely of selecting, starting at any point and not 
retracing, the first 100 numbers less than 1,000 which 
appear. This will be taken as following an unbiased 
method of selection. Any other method of putting 
digits together vertically or horizontally, forwards or 
backwards to make numbers of the desired size will be 
equally satisfactory, providing only that the pattern of 
selecting subsets once chosen is followed consistently. 


HIGHWAY RESEARCH BOARD MEETS IN 
BALTIMORE DECEMBER 2-5, 1941 


Changing a custom of twenty years’ standing on 
account of the need for conserving Washington facilities 
for urgent defense needs, the Highway Research Board 
announces that its Twenty-fisrt Annual Meeting will be 
held at The Johns Hopkins University, Baltimore, 
Maryland, the first week of December 1941. 

On Tuesday, December 2 several Departments of the 
Board will hold open meetings for the consideration of 
papers and reports. 

Sessions of the Board for the discussion of topics 
relating to highway finance, economics, design, materials, 
construction, maintenance, traffic, and soils investiga- 
tions will be held on Wednesday, Thursday, and Friday, 
December 3-5. 
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U.S. GOVERNMENT PRINTING OFFICE: 1941 


PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 





Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 
send no remittance to the Federal Works Agency. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1932. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 


Work of the Public Reads Administration, 1940. 


HOUSE DOCUMENT NO. 462 


Part | . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part 5. . . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6. . . The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. I9IMP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 

No. 279MP. . Bibliography on Highway Lighting. 5 cents. 


Highway Accidents. 10 cents. 
The Taxation of Motor Vehicles in 1932. 35 cents. 
Guides to Traffic Safety. 10 cents. 


An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 
Highway Bond Calculations. 10 cents. 

Transition Curves for Highways. 60 cents. 
Highways of History. 25 cents. 
Specifications for Construction of Roads and Bridges in National 


Forests and National Parks. 1 dollar. 


DEPARTMENT BULLETINS 


No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


No. 1486D . . Highway Bridge Location. 15 cents. 
TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges. 


35 cents. 





Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 


No. 296MP. . Bibliography on Highway Safety. 
House Document No. 272 . . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6-8 and 10-21, inclusive. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act 1.—Uniform Motor Vehicle Administration, Registration, 


Certificate of Title, and Antitheft Act. 


Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 


Act III].—Uniform Motor Vehicle Civil Liability Act. 

Act 1V.—Uniform Motor Vehicle Safety Responsibility Act. 
Act V.—Uniform Act Regulating Traffic on Highways. 
Model Traffic Ordinances. 





A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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